Isoverrucarol (3,15-dihydroxy-12,13-epoxy-trichothec-9-ene) was isolated and purified from wheat cultures of a toxic strain of Fusarium oxysporum CJS-12. The toxin was characterized by thin-layer chromatography, gas chromatography-mass spectrometry, mass spectrometry, and 1H and 13C nuclear magnetic resonance spectrometry. Isoverrucarol caused toxic effects in rats, including loss of appetite, bodily weakness, severe mucosae of the stomach, and death, when administered orally at 10 and 20 mg/kg of body weight. The toxin also caused a definite dermatitic reaction of epidermis and an edematic-necrotic response of the dermis.
Fusarium species are a widespread, cosmopolitan group of fungi, and they commonly colonize aerial and subterranean plant parts. They are capable of being pathogenic to many plants, causing symptoms such as wilt, scab, and rot in the field (12) . Interest in the Fusarium species has increased as a result of the observed cause and effect relation of various mycotoxicoses in humans and animals (4-7, 18, 21) . Within the past several decades, a group of chemically related compounds called trichothecenes have been isolated from several different species of toxigenic fusaria (10) . This group of compounds is characterized by a tetracyclic sesquiterpene structure with a 6-membered oxane ring, a 12,13-epoxide group, and a 9,10-olefinic bond (15) .
In a previous paper (9), we reported on the incidence of Fusarium species in corn seeds obtained from the cornproducing area in Korea and on their toxicity to laboratory animals. During chemical analyses we found one isolate of Fusarium oxysporum CJS-12 that produce a substantial amount of isoverrucarol (IVE). Production of IVE (also known as 3,15-dideacetylcalonectrin) has been reported in liquid cultures of Fusarium culmorum and Fusarium sporotrichioides (3, 14) . This paper describes the isolation, purification, and toxicity of IVE produced by a toxic strain of F. oxysporum CJS-12 grown on wheat.
MATERIALS AND METHODS Fungus isolation. The fungal isolate of F. oxysporum CJS-12 was obtained from corn collected from the Jeongsun district in Kangwon province. The strain was identified by mycological studies as described by Nelson et al. (12) . Inocula of F. oxysporum CJS-12 were produced by the fungus on potato glucose agar incubated for 5 days at 25°C.
Culture of the fungus. Twenty-five Erlenmeyer flasks (1 liter), each containing 200 g of wheat and 120 ml of distilled water, were autoclaved for 1 h at 121°C on two consecutive days. The wheat was inoculated with mycelium plugs from 5-day-old potato glucose agar plugs of fungus. The cultures were incubated for 2 weeks at 22 to 26°C and then for 2 weeks at 10°C. Harvested wheat cultures were dried in a ventilated hood, milled in a Wiley mill, and stored at -15°C until used.
Extraction and purification. Dried wheat cultures (2.9 kg) were moistened to 30% with distilled water, extracted with * Corresponding author. methanol (3 liters, three times) and vacuum filtered through Whatman no. 1 filter paper. The filtrate was concentrated in vacuo to about 500 ml. The aqueous phase was defatted twice with 500 ml of n-hexane and then partitioned three times with 500 tems (Table 1) . It was visualized with 4-(p-nitrobenzyl)pyridine and tetraethylenepentamine as described by Takitani et al. (16) . The Rf values of the toxin in seven different solvent systems were recorded. Various physical methods were used to determine the reactions of various chemical reagents with the toxin. The plates were sprayed with 20% sulfuric acid in methanol, a solution of freshly prepared p-anisaldehyde as described by Pathre and Mirocha (13) , and 0.1% ninhydrin in methanol. The following methods were used to detect the toxin on TLC plates after spraying them with chemical reagents: naked-eye observation for color changes at room temperature, color changes after charring (110°C, 10 min) the plates, and fluorescence under long-and shortwave UV light irradiation before and after charring.
Spectroscopy. Electron impact mass spectrometry of the toxin was performed on a VG 7070 EQ mass spectrometer. The sample was introduced via a direct-insertion probe.
Gas chromatography-mass spectrometry analysis was carried out on a gas chromatograph-mass spectrometer (model 5987B; Hewlett-Packard Co., Palo Alto, Calif.) equipped with an updated computerized data system. The toxin was reacted at room temperature with Tri-Sil-BT (Pierce Chemical Co., Rockford, Ill.) to form a trimethylsilyl (TMS) derivative. The reaction was allowed to proceed for 20 min prior to injection of the toxin into the gas chromatograph. Injection ( (Fig. 1) . This trichothecene has the same molecular weight as verrucarol but different fragmentation patterns when the mass spectrum of this trichothecene was compared with that of verrucarol (2) . A mass spectrum of the TMS derivative of the trichothecene is shown in Fig. 2A 144 mass units when the toxin was derivatized with TMS ether suggests that the toxin has two hydroxyl groups in its structure.
Further evidence supporting the structure of the trichothecene was obtained from the 'H and 13 C NMR analysis. The Table 2 . The signals at 839.5 due to [2] ). (Table 2) . From these results, the spectrum of the trichothecene was unambiguously established as 3,15-dihydroxy-12,13-epoxy-trichothec-9-ene (IVE). The structure of IVE is shown in Fig. 3 .
IVE caused toxic effects, including loss of appetite, bodily weakness, severe mucosae of the stomach and intestines, and death, when administered orally at 10 and 20 mg/kg of body weight. No deaths occurred in the control group intubated with the ethanol carrier alone. Death occurred within 4 to 48 h after dosing. All surviving rats administered IVE at 10 mg/kg of body weight exhibited decreased feed consumption and displayed negative weight gains after 5 days (Table 3 ). All surviving rats started bleeding from the nose and eyes 24 h after dosing. All rats dosed with IVE at 20 mg/kg of body weight died within 24 h. The 50% lethal dose value of IVE at 24 h was approximately 10 mg/kg of body weight. The 50% lethal dose value of IVE compared with several 50% lethal dose values of 12, 13-epoxytrichothecenes for rats previously calculated (8, 17, 20, 22 ) is larger than T-2 toxin, diacetoxyscirpenol, fusarenone-X, roridin A, and verrucarin A; however, it is more toxic than deoxynivalenol, 3-acetyl-deoxynivalenol, and T-2 tetraol. Rats treated with IVE at levels of 0.5 and 1.0 mg per rat developed a definite dermatitic reaction, degeneration of epidermis, edema, and necrosis of 'he dermis. The intensity of skin reaction increased with *t icentration. These skin reactions confirmed that IVE applied on the skin of the rats resulted in reactions similar to those of most trichothecenes and characterized by necrosis of the dermis and epidermis (1, 11, 15 (14) . Our results suggest that the use of solid substrates and selected isolates would offer a more facile method for large-scale production of IVE. Attempts were made to find the production of the other trichothecenes, but the presence of the other trichothecenes was not found. This is the first report of the production of IVE on a solid substrate by an F. oxysporum isolate.
